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ABSTRACT 

A simple and rapid colorimetric method for the determination of to ta l  nitrogen 
in coal has been developed. The method i s  based on the rapid digestion of the coal 
sample with a mixture of 50% hydrogen peroxide plus concentrated su l fur ic  acid and 
subsequent color development with Nessler's reagent for the determination of an- 
monium nitrogen. 
within 30 minutes by heating with 25-60 ml of a 4 : l  mixture of H,O, - H2S0, in a 
special DigesdahP apparatus. After boiling t o  destroy excess hydrogen peroxide 
and cooling, subsequent color development and spectrophotometric measurement a t  460 
nm take only about 5 minutes. Application of th i s  procedure gave good results for 
the nitrogen values of two NBS coal samples and reasonably good agreement for 
I l l ino is  and Iowa (run-of-mine and physically and chemically cleaned) coal samples 
analyzed by a modified Kjeldahl procedure. 

I n  t h i s  procedure, 250 mg of finely ground coal are digested 

INTRODUCTION 

The determination of to ta l  nitrogen in coal i s  usually performed by ASTM Meth- 
od D-3719 (1) or by u s i n g  comnercial C,  H, N ,  analyzers. The former procedures are 
based on the time-honored Kjeldahl method, involving long digestion times, d i f f i -  
cu l t  d i s t i l l a t i ons ,  and tedious t i t r a t ion  finishes.  The fact  t h a t  the l i t e ra ture  
i s  extensive ( 2 )  on various modifications of the Kjeldahl method for nitrogen in 
coal points t o  the inadequacies which plague th i s  d i f f icu l t  b u t  necessary proce- 
dure. The instrumental methods, on the other hand ,  require f a i r ly  expensive appa- 
ratus and may suffer i n  accuracy because the very ma l l  sample sizes combusted 
could be not too  representative of the entire batch. 

Recently, the  determination of organic nitrogen has been simplified by a rapid 
and reliable procedure for digesting agricultural samples (3 ) .  
readily accomplished i n  a simple apparatus by the powerful mixture of hydrogen 
peroxide and su l fur ic  acid, and the f ina l  measurement is  made spectrophotometrical- 
l y  using Nessler's reagent. Most of the necessary digestion parameters have been 
already established in t h a t  work. 

The u t i l i t y  of t h i s  simple apparatus has been also demonstrated on the rapid 
digestion of coal sanples by a mixture of n i t r i c ,  phosphoric, and perchloric acids 
for the subsequent determination of sulfur and iron i n  coal ( 4 ) .  
success Of t h i s  method on agricultural samples and because of the ease of using the 
digestion apparatus, t h i s  work was undertaken t o  apply i t  t o  the determination of 
to ta l  nitrogen in coal. 

The digestion i s  

Because of the 
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EXPERIMENTAL 

Coal Samples 

The th ree  coals  i n  sample se r ies  101-304 were h igh  v o l a t i l e  C b i t un inous  
Coals. 
The Iowa coal i n  the se r ies  201-204 was f r e s h l y  mined near L o v i l i a ,  Monroe County, 
Iowa, and subsequently cleaned at  the Iowa S ta te  U n i v e r s i t y  coal  p repara t i on  r e -  
search f a c i l i t y ,  using a heavy-media (magneti te) process at 1.3 sp. g'. The ROM 
coal  i n  the se r ies  301-304 came from the sane reg ion i n  Iowa but  i t  was s tored i n  
the l abo ra to ry  f o r  a prolonged per iod;  thus i t  was probably h e a v i l y  ox id ized.  
chemical d e s u l f u r i z a t i o n  treatment consis ted o f  leaching w i t h  hot  Na,CO 
con ta in ing  oxygen under pressure. 
i n g  1:7 HNOg f o r  30 minutes. 
treatments i s  provided elsewhere (5) .  

Inez, Kentucky. 
ards. 

Apparatus 

The samples were d igested i n  a Hach Model 21400 Digesdahl" apparatus c o n s i s t -  
i n g  o f  a heat ing u n i t ,  a 100-ml v o l u n e t r i c  f l ask ,  surrounded by a g lass chimney t o  
d imin ish heat loss and thus reduce the d iges t i on  time, and a r e f l u x  head man i fo ld  
a t  the top o f  the f l ask ,  connected v i a  a Te f lon  tube t o  a p l a s t i c  water a s p i r a t o r  
t o  remove fumes. This simple and inexpensive apparatus i s  depic ted i n  F ig .  1. The 
25-to-250 wat t  disc-element heater i s  suppl ied w i t h  a s o l i d - s t a t e  c o n t r o l l e r .  The 
c o l o r i m e t r i c  measurements were made at  460 nm w i t h  a Hach Model DR/2 single-beam 
spectrophotometer us ing a 2.5-cm f low-through c e l l .  

Reagents 

The d iges t i on  m ix tu re  was premixed us ing 4 pa r t s  o f  50% hydrogen perox ide and 
1 p a r t  concentrated s u l f u r i c  acid. CAUTION: This  reagent i s  a powerful o x i d i z e r  
and should be handled very c a r e f u l l y .  
age. The Nessler 's  reagent and the p o l y v i n y l  alcohol (as a 0.1 g PVA s o l u t i o n  per 
l i t e r )  were obtained from the Hach Company. 

D iges t i on  Procedure 

100-ml v o l u n e t r i c  f l a s k .  (As a convenience, the sample can be weighed onto a piece 
of p l a s t i c  k i t chen  wrap which i s  then fo lded  up and pushed down the neck o f  t he  
f l a s k ) .  About 4-5 m l  o f  concentrated H2S0, i s  added t o  the f l ask ,  the f l a s k  i s  
placed on the heater, and the r e f l u x  head man i fo ld  i s  attached t o  the  top  o f  the 
f l a s k  and connected t o  a water asp i ra to r .  
medium-to- h igh s e t t i n g  t o  carbonize the  sample, u n t i l  t he  H,SO 
t o  the  top  o f  the head. The f l a s k  i s  then removed from heat, aflowed t o  cool  f o r  
-2 min., and -20 m l  o f  the 4 : l  H 0,-H,SO, d iges t i on  reagent i s  cau t ious l y  added 
through the s ide ann funnel o f  t t e  mani fo ld .  ( I f  the a d d i t i a  i s  too fas t ,  some 
spa t te r i ng  may occur.) The f l a s k  i s  re turned t o  the heater f r f u r t h e r  d iges t i on .  
Af ter  -5 min., more o f  the reagent can be added through the z de ann and b o i l i n g  i s  
continued u n t i l  the s o l u t i o n  i s  f a i r l y  c lea r .  Add i t i ona l  b o i  i n g  f o r  -5 min. i s  
then requi red t o  remove excess H,O,, u n t i l  r e f l u x i n g  o f  H,SO, i s  observed. 

The ROM I l l i n o i s  No. 6 coal came from the E l m  Mine, near T r i v o l i ,  I l l i n o i s .  

The 
s o l u t i o n s  

Subsequent ex t rac t i ons  were conducted w i t h  boi 1- 
Fur ther  d e s c r i p t i o n  o f  these samples and chemical 

Sample No. 500 was an Upper Freepor t  coal provided by  the  Massey Coal Co., 
The NBS samples were obtained from the Nat ional  Bureau o f  Stand- 

However, it i s  s tab le  du r ing  prolonged s to r -  

A weighed sample (-250 mg) o f  f i n e l y  ground coal (60 mesh) i s  placed i n  the 

The m ix tu re  i s  d igested f o r  -5 min. a t  a 
s o l u t i o n  r e f l u x e s  

The 
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Reflux Head 

100 mi Voi. Flask 

Glass Chimney 

Hot Plate 

Tempe ature Control 

DIGESDAHL DIGESTER 

F i g .  1. Digesdahl apparatus for r a p i d  d i g e s t i o n  o f  coa l  samples. 
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digested sample i s  then removed from the  heater, cooled, and d i l u t e d  t o  the  100-ml 
mark w i t h  deionized water. 

Spectrophotometric Measurements 

A 0.5-ml a l i q u o t  o f  the d i l u t e d  d iges ta te  i s  p ipe t ted  i n t o  a 25-ml m i x i n g  
c y l i n d e r  and d i l u t e d  t o  mark w i t h  the 0.1 g/L PVA so lu t i on .  Then 1.0 m l  o f  
Ness ler 's  reagent i s  added, and the  c y l i n d e r  i s  stoppered and i n v e r t e d  severa l  
t imes t o  mix the  contents. The m ix tu re  i s  poured immediately i n t o  the  f low-through 
c e l l  o f  the spectrophotometer t h a t  has been zeroed and standardized w i t h  the  
0.1 g/L PVA s o l u t i o n  a t  460 rm, and the % t ransmi t tance i s  read t o  determine the  
n i t rogen leve l  from a standard c a l i b r a t i o n  curve. 

C a l i b r a t i o n  Procedure 

The c a l i b r a t i o n  standards can be conven ien t l y  prepared us ing Vo lue t te  Ampule 
Standards f o r  amnonium n i t rogen  (160 mg N/L) i n  the mounts o f  0.01, 0.2, 0.3, and 
0.4 m l .  To each, 0.5 m l  o f  a blank d iges t  i s  added and d i l u t i o n  t o  25.0 m l  i s  made 
w i t h  the PVA so lu t i on .  A f t e r  add i t i on  o f  1.0 m l  o f  Ness le r ' s  reagent t o  each mix- 
ing cy l inder ,  t he  % t ransmi t tance i s  measured as above. The standards represent  0, 
0.64, 1.28, 1.92, and 2.56 mg o f  N/L which corresponds t o  0, 1.28, 2.56, 3.84, and 
5.12% N i n  coal, respec t i ve l y .  

RESULTS AND DISCUSSIONS 

The percent n i t rogen  values determined by t h i s  new method f o r  va r ious  coal 
s m p l e s  are presented i n  Table 1. I n  most cases, there i s  reasonable agreement 
between these values and conven t iona l l y  determined values. 
and NBS 1635, the n i t rogen  values obtained by t h i s  method are s l i g h t l y  lower i n  
every other  case. This "apparent loss"  needs t o  be s tud ied f u r t h e r  i n  order  t o  
decide which method i s  subject  t o  a poss ib le  systematic e r ro r .  The p r e c i s i o n  o f  
our method, as i l l u s t r a t e d  by the  r e s u l t s  i n  Table 2, appears t o  be good. But 
there may be sources o f  e r r o r  which could be e l im ina ted  or  minimized i n  order t o  
b r i n g  our r e s u l t s  i n  c lose r  agreement w i t h  conventional r e s u l t s .  

O f  course, the coal samples i n  se r ies  101-304 are very unusual i n  t h a t  they 
have been chemical ly  t r e a t e d  and probably n i t r a t e d  dur ing the e x t r a c t i o n  w i t h  n i -  
t r i c  acid. The e f f e c t  o f  such chemical a l t e r a t i o n  o f  coal samples on the determi- 
na t i on  o f  n i t rogen  by t h i s  method needs t o  be examined. 

Except f o r  samples 101 

CONCLUSIONS / 
The simple and r a p i d  d iges t i on  o f  organic samples with a 4 : l  m i x t u r e  o f  

H2 02 -HSSOt 9 prev ious l y  developed f o r  p r o t e i n  n i t rogen  i n  a g r i c u l t u r a l  samples, has 
been a ap ed f o r  the determinat ion o f  t o t a l  n i t rogen  i n  coal. The d i g e s t i o n  i s  
usua l l y  complete w i t h i n  30 minutes, and the subsequent spectrophotometric measure- 
ment a f t e r  Ness le r i za t i on  requ i res  about 5 minutes. The r e s u l t s  o f  t h i s  method 
agree reasonably we l l  w i t h  those o f  conventional methods. 
i s  good, the  absolute values are s l i g h t l y  lower than those obtained b y  K je ldah l  
procedures, p o i n t i n g  t o  the  necess i ty  o f  f u r t h e r  research t o  minimize t h i s  discrep- 
ancy. 
elements as phosphorus, calcium, magnesium, and o the r  metals. 

Although the  p rec i s ion  

The c lea r  d iges ta te  could be poss ib l y  used f o r  a d d i t i o n a l  analyses f o r  such 
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Table 1. Tota l  n i t r o g e n  values i n  va r ious  coal samples, determined by convent ional  
methods and by the  new method described. 

% Ni t rogen Sample 
Sample 
No. Coal Desc r ip t i on  Conventionala New Method 

101 I l l i n o i s  No. 6 coal, ROM 0.82 0.90b 
102 #lo1 a f t e r  chemical d e s u l f u r i z a t i o n  0.93 0.90 
103 #lo1 a f t e r  HNO, e x t r a c t i o n  4.26 3.91 
104 #lo2 a f t e r  HNO, e x t r a c t i o n  3.66 3.42 

201 Iowa coal  (ISU precleaned) 1.31 1.20 
202 #201 a f t e r  chemical d e s u l f u r i z a t i o n  1.43 1.17 
203 #201 a f t e r  HNO, -ex t rac t i on  4.63 4.23 
204 #202 a f t e r  HNO, e x t r a c t i o n  3.73 3.45 ---______--______-______________________---------_--_---_--------_---------------- 
301 Iowa coal ,  ROM 1.15 
302 #301 a f t e r  chemical d e s u l f u r i z a t i o n  1.17 
303 #301 a f t e r  HNO, e x t r a c t i o n  3.74 
304 #302 a f t e r  HNO, e x t r a c t i o n  3.43 

0.85 
0.84 
3.55 
2.99 

500 Upper Freepor t  1.30 1.27' 

NBS 1632a Penn Seam B i t m i n o u s  
NBS 1635 Colorado Subbituminous 

1.27 
1.0-1.3 

1.26 
1.38 

Conventional N values f o r  the se r ies  101-304 were provided by a mod i f i ed  
K je ldah l  method i n  which 1.8 g o f  coal was d igested w i t h  HgSO c a t a l y s t  at about 
390-4OO'C. Sample 500 was analyzed by a commercial laborator; using an ASTM 
procedure. Values f o r  the NBS coals  were obta ined from a l i t e r a t u r e  compi la t ion 
study (6). 
Average o f  t r i p 1  i c a t e  determinat ions.  
Average o f  d u p l i c a t e  determinations. 

Table 2. R e p r o d u c i b i l i t y  o f  n i t rogen  determinat ions by  new method described. 

% Ni t rogen 

Sample No. Desc r ip t i on  Rep l i ca te  Detns. Averaqe 

101 Same sample as i n  Table 1 (0.92, 0.89, 0.90) 0.90 
500 Same sample as i n  Table 1 (1.23, 1.31) 1.27 
NBS 1635 Di f fe ren t  s p l i t ,  analyst ,  and t ime  (1.24, 1.26, 1.32) 1.28 

t han  i n  Table 1 
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